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We report the first experimental observation of vector surface solitons, which form at the 
edge and in the corner of two-dimensional laser-written waveguide arrays. These elliptically 
polarized vector states are composed of two orthogonally polarized components. They exist 
only above a power threshold and bifurcate from scalar surface solitons. The components of 
a vector soliton may have substantially different degrees of localization in certain parameter 
ranges. 
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Solitons emerging from nonlinear interactions are a ubiquitous physical phenomenon arising 
in many areas of physics. Usually solitons appear as scalar (i.e., single-field) entities. How-
ever, solitons may also exist as vector objects, where two components are locked together in 
order to generate a localized state, with so-called Manakov solitons being one classical ex-
ample [1]. Such vector optical solitons introduce nontrivial new physical effects [2-5]. Vector 
solitons have been predicted not only in uniform materials, but also in discrete waveguide 
arrays [6-8]. Such vector solitons were observed in both one- (1D) [9] and two-dimensional 
(2D) geometries [10]. Discrete vector solitons can also appear as multi-gap entities [11,12]. 
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A unique laboratory to explore new soliton phenomena is provided by finite truncated 
periodic geometries. The properties of solitons at interfaces between uniform and periodic 
media have much in common with those shown by surface solitons at interfaces between 
natural materials, as predicted in [13]. Scalar lattice surface solitons have been observed at 
the edges of one- [14] and two-dimensional [15-17] periodic lattices. However, lattice inter-
faces also support vector solitons. The properties of the simplest one-dimensional discrete 
vector solitons were analyzed in [18], while complex vector surface states involving compo-
nents from different gaps were obtained in [19,20]. Nevertheless, to date surface vector soli-
tons were not observed experimentally. 
In this Letter we report the first experimental demonstration of 2D coherent surface 
vector solitons at the edge and in the corner of a femtosecond-laser written waveguide ar-
ray. We explore and observe the formation of coherent 2D vector states, sustained by cross-
phase modulation (XPM) coupling between orthogonally polarized components in the pres-
ence of four-wave mixing. 
To describe theoretically the formation of surface vector solitons, we assume continu-
ous-wave (CW) illumination and use the nonlinear Schrödinger equation for the dimen-
sionless field amplitudes xq  and yq  of the two coherently interacting, orthogonally polarized 
waves propagating along the z  axis: 
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Here, η ,ζ  are the normalized transverse coordinates x ,y  and ξ  is the normalized longitu-
dinal coordinate z . According to our experimental results, xq  and yq  observe slightly differ-
ent refractive index profiles xR  and yR  with corresponding modulation depths x yp p≠ . We 
approximate the shapes of the individual waveguides as 
2 2 2 2
x y x yexp[ ( / ) ( / ) ] (1/2)exp[ ( / ) ( / ) ]d d d adη ζ η ζ− − + − − , with 2a =  for xq  and 4a =  
for yq  respectively. The waveguide spacing in the square array is given by sd . The second 
terms of the right sides of Eqs. (1) describe self-phase-modulation (SPM) and XPM, while 
the third terms introduce mismatch-free four-wave mixing (FWM) in isotropic fused silica. 
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Notice that a cumulative phase mismatch between xq  and yq  might still appear during 
propagation due to the difference of x xp R  and y yp R  profiles as well as because of nonlinear 
effects. We fixed x 0.8d = , y 0.45d =  and s 4d =  in accordance with the transverse 
waveguide dimensions of 28 4.5 mμ×  and the spacing of 40 mμ . We set x 1.65p =  and 
y 1.75p = , while the value x x 2.5p R =  corresponds to an actual refractive index modulation 
depth of 42.8 10−× . The quantity 22x y x y( )U U U q q d dη ζ
∞
−∞= + = +∫ ∫  corresponding 
to the total power, is conserved in Eq. (1). 
Equations (1) admit scalar soliton solutions when one of the components is zero. Vec-
tor soliton solutions of Eq. (1) can have either the form x x exp( )q w ibξ= , y y exp( )q w ibξ=  
(in-phase or out-of-phase components, i.e. linear polarization), or x x exp( )q w ibξ= , 
y y exp( )q iw ibξ=  (phase shift /2π  between components, i.e. elliptical polarization), where 
xw , yw  are real functions. As Eqs. (1) allow linearly polarized solutions only for 
x x y yp R p R= , we consider only elliptically polarized solutions. Their properties are summa-
rized in Figs. 1 and 2. Exemplary profiles of surface vector solitons residing at the edge and 
in the corner of the array are shown in Fig. 2. The power eU  of such solitons is a monotoni-
cally increasing function of its propagation constant b  (Fig. 1). All vector solitons exist 
above the cutoff coeb  and above a certain power threshold. While far from the cutoff, vector 
solitons are effectively confined to a single waveguide (middle column in Fig. 2), with de-
creasing b  the amplitude of yw  decreases and the component expands widely across the ar-
ray (left and right columns in Fig. 2). However, at the same time, xw  remains well local-
ized. Accordingly, the vector solitons components feature substantially different degrees of 
localization. This interesting effect occurs because the refractive index modulation depth ob-
served by yw  is slightly higher. In the scalar case, yw  would exhibit a cutoff propagation 
constant coyb  which is higher than coxb  for xw . Furthermore, its power yU  would abruptly 
increase as b exceeds coyb , which is typical for all surface solitons. In the vector case the al-
ready localized component xw  induces an effective waveguide via XPM. The overall refrac-
tive index profile observed by yw  is then given by 2y y x(2/3)p R w+ . Therefore, the power 
yU  carried by yw  vanishes when co coe yb b b→ ≈  (Fig. 1), and the shape of yw  approaches 
that of a linear guided mode of the total index distribution 2y y x(2/3)p R w+ . At a certain 
power level eU , the elliptically polarized vector soliton transforms into a scalar soliton of the 
xw  component. In other words, for our set of parameters vector solitons bifurcate from the 
scalar soliton branch of xw . With further decreasing b , the remaining xw  component exhib-
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its all properties typical for scalar surface solitons, such as existence of a power threshold 
and broad expansion across the array near the corresponding cutoff propagation constant 
co co
x eb b<  (Fig. 1). This behavior is shared by both edge and corner excitations. Note that 
the threshold for corner vector solitons is lower than that for edge solitons. Vector solitons 
are stable for sufficiently high powers and they are predicted to preserve their structure on 
propagation even when they are strongly perturbed. 
In order to experimentally study surface vector solitons, we used the femtosecond laser 
direct-writing technique [21] to create a 7 7×  square lattice of waveguides in a fused silica 
sample. In order to allow light to spread far across the array in the linear case within the 
given sample length of 105 mm as well as to form well localized solitons in the accessible 
power range, a waveguide spacing of 40 mμ  was chosen. For the excitation, we used a Ti: 
sapphire laser system (Spectra Tsunami/Spitfire), delivering 200 fs pulses at 800 nm with a 
repetition rate of 1 kHz. A beam splitter was used to divide the power equally; after rotat-
ing the polarization of one part using a half wave plate, another splitter was employed to 
reunite the beam. A manual delay line was utilized to compensate the different optical path 
lengths and ensure exact overlap of the two orthogonally polarized pulses. Light was in-
jected into the respective lattice sites by a microscope objective (2.5×, NA 0.07= ), while 
another objective ( 4×, NA 0.1= ) was used to image the sample end facet onto a CCD 
camera. Specific polarization components were selected by a polarizer to ensure a separate 
monitoring. 
Our observations of vector solitons at the edge and corner of the array are presented in 
the first and second row of Figs. 3 and 4, respectively. The measured linear diffraction pat-
terns for both polarizations are shown in the first columns. One can see the repulsive force 
of the surface so that the beam penetrates deep into the array away from the surface. The 
second columns depict the uncoupled patterns for 500 kW pulse peak power, when the other 
respective component is switched off. A nonlinear modification of the intensity distributions 
is clearly visible, although the applied pulse power is not high enough to achieve localiza-
tion. This picture changes when the two components interact by cross-phase-modulation 
and four-wave-mixing, as shown in the third columns. Although the same pulse peak power 
is applied as in the second column there is strong localization for both components, which 
indicates the energy exchange between both beams. This is a clear signature of the forma-
tion of a vector solitons state. In order to compare our experimental data with the numerics, 
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in the bottom rows of Figs. 3 and 4 respective simulations of the yq  field, corresponding to 
the thresholdless component, are shown. Note the excellent agreement between the experi-
mental observations and the theoretical predictions. 
In conclusion, we experimentally demonstrated the existence of stable, elliptically po-
larized surface vector solitons in two-dimensional femtosecond-laser-written waveguide ar-
rays. They bifurcate from scalar surface solitons at a certain power threshold and can fea-
ture substantially different degrees of localization of the involved components. 
The authors acknowledge support by the Deutsche Forschungsgemeinschaft (Research 
Unit 532 and Leibniz program), and the Government of Spain (grant TEC2005-07815 and 
Ramon-y-Cajal program). 
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Figure captions 
Figure 1. Power versus propagation constant for (a) edge and (b) corner 
vector solitons. Circles correspond to the soliton profiles shown 
in Fig. 2. 
Figure 2 (color online). Profiles of surface vector solitons with 0.616b =  (left column), 
0.830b =  (middle column), and 0.598b =  (right column). Left 
and middle columns correspond to edge solitons, while right col-
umn corresponds to a corner soliton. The top row shows xw , 
while yw  is shown in the bottom row. In all plots, white dashed 
lines indicate the position of the interfaces. 
Figure 3 (color online). Experimental output pattern for the xq  component (first row) 
and the yq  component (second row) for excitation of an edge 
waveguide. According simulations for yq  are depicted in the 
third row. In column (a), the linear propagation patterns are 
shown. The nonlinear propagation at 500 kW peak power with 
no interaction between the components is shown in column (b), 
while in column (c) the components interact via XPM and 
FWM. 
Figure 4 (color online). Experimental output pattern for the xq  component (first row) 
and the yq  component (second row) for excitation of a corner 
waveguide. The arrangement of subfigures corresponds to Fig. 3. 
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